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ABSTRACT
        The stability of albumin-bilirubin complex was investigated depending on pH of solution. It 
was shown that the stability of complex increases in presence of Mn(II) ions. It was also investigated 
the paramagnetic composition of gallstones by the electron spin resonance (ESR) method. It turned 
out that all investigated gallstones contain a free bilirubin radical-the stable product of its radical 
oxidation. Accordingly the paramagnetic composition gallstones could be divided on three main 
types: cholesterol, brown pigment and black pigment stones. ESR spectra of cholesterol stones is 
singlet with g=2.003 and splitting between components 1.0 mT. At the same time the brown 
gallstones, besides aforementioned signal contain the ESR spectrum which is characteristics for 
Mn(II) ion complexes with inorganic compounds and, finally, in the black pigment stones it was 
found out Fe(III) and Cu(II) complexes with organic compounds and a singlet of bilirubin free 
radical. It is supposed that crystallization centers of gallstones could be the polymer network of 
bilirubin radical polymerization in complex with different metal ions earlier discovered in gallstones.
2        Introduction
        Serum albumin is a main carrier of bilirubin in blood which is a toxic product of hemoglobin 
decomposition. 
        Marx [1] supposed that in the bilirubin binding with albumin the bivalent metal ions Fe+2, 
Cu +2, Mn+2, etc. could take part as the cation-bridges.
        It is known that at aggressive and chronic hepatitis, along with the increase of nonconjugated 
bilirubin concentration in blood, the increase of divalent manganese - Mn(II) ions concentration 
takes also place. Investigations carried out with radioactive manganese ions confirmed that the 
increase of nonconjugated bilirubin concentration correlated with Mn(II) concentration [2-4]. We 
have investigated the stability of albumin-Mn(II) complex depending on pH of a solution [5]. The 
analysis of data shows that the binding energy of Mn(II) ions with serum albumin is comparable 
with the energy of weak hydrogen bonding~(1-1.5) kcal/mole at pH=7.4. This indicates that the 
investigated complex decays easily with the varying pH of solution. The adsorption of Mn(II) ions 
on serum albumin depends linearly on the ionic strength of solution (Fig. 1) The increase of ionic 
strength of the solution decreases the pK value, but after reaching the I=0.1 value, it becomes a 
constant. It could be explained by a partial neutralization of charge by sodium ions in the binding 
centers of Mn(II) with albumin [5]. The investigation data on stability of albumin-bilirubin and 
albumin-Mn(II)-bilirubin complexes depending on pH of solution are shown in (Fig. 2). In the case 
of ternary complexes the binding constant value increases. The measurements carried out by the 
ESR method did not show the presence of Mn(II) ions in blood what is possibly related with their 
small concentration. Therefore it was decided to study the gallstones by the ESR method, as natural 
blood filter where it is possible the accumulation of compounds and metal ions complexes insoluble 
in bile.
        Measurements of ESR spectra of brown pigment stones showed the presence of a high 
concentration of manganese ion complexes (Fig. 3 b) in them, although in cholesterol and black 
pigment stones they were not observed (Fig. 3 a, c).
        During last years it has been carried out the intensive investigations of gallstones etiology but 
up to present time the chemical nature of the crystallization centers is not known, as well as the role 
of paramagnetic metal ions in their formation [6-10].
        Investigations carried out by Liu X.-T. and Hu I. [11] showed that in the creation of gallstones 
the free bilirubin radicals should participate, which, accordingly authors’ opinion, appear at 
3interaction of metabolic free radicals, presented in living organisms, with molecules of indirect 
bilirubin, followed by the radical polymerization of bilirubin and formation of complexes with metal 
ions. On the participation of free bilirubin radicals in formation of gallstones points out also 
Blazovich [12]. The formation of polymeric network of bilirubin salts in gallstones was observed 
still in works Okubo et al. [13]. By the method of infrared spectroscopy and equilibrium swelling 
authors showed that polymeric network insolvable in bile is particularly strongly developed in black 
pigment stones.
        As it was shown by ESR method, a singlet with parameters g=2.003 and ΔH=1.0 mT is 
observed in all investigated gallstones. This ESR signal is attributed to a free radical of the indirect 
bilirubin. Bilirubin is a photosensitizer. Under irradiation by visible light it takes place the 
photoisomerization and photooxidation of bilirubin [14-20]. As it was shown in work [5] at
irradiation of its powder by blue (m =450 nm) or green (m =500 nm) light, it appears the singlet
ESR signal with parameters g=2.003 and ΔH=1.0 mT (Fig. 4). The ESR signal with the same 
parameters appears in the bilirubin chloroform solution at aforementioned light irradiation. In 
(Fig. 5) it is presented a curve of accumulation of the ESR signal of free bilirubin radical at influence 
of light.
        The ESR spectrum of brown pigment stones consists of six intensive components with splitting 
between them ΔH=8,7 mT and a singlet with g=2.003 and ΔH=1.0 mT (Fig. 3) characteristic for a
free stable bilirubin radical. The ESR spectrum of black pigment stones besides a singlet from free 
bilirubin radical, consists of also from a wide structurized signal with g=2.05,  g =2.37 and A
=18.6 mT, and also an asymmetric singlet with g=4.19 (Fig. 4).
Materials and methods
        Crystal serum albumin of “Serva” firm was used without its further purification. Bilirubin of 
“Alfa Aesar” firm was purified on chromatographic column (L100/400 “Chemapol” Praque) [5]. 
The purity of preparate from free radical products of oxidation was checked by help of ESR method. 
In experiments it was used chromatically pure NaCl, MnCl, Tris (2-amino-2-hydroxymethyl-1,3-
propanediol),pure for analysis from “Reanal” Hungary firm. The thin layer of bilirubin powder (30
mg) was irradiated by blue  and green lamps “Osram” L18/67 and L18/66 (Germany) from distance 
0.5 m what prevented sample’s heating. The temperature of sample was monitored by mercury 
thermometer with 0.1oC accuracy. It was carried out also the irradiation of chloroform solution of 
4bilirubin. The irradiated solution was evaporated and bilirubin powder remained after the 
evaporation was scraped from quartz cuvette and placed in quartz tube for ESR spectrum 
measurements. All bilirubin experiments were made under the red light.
        The ESR spectra were taken by the 3-cm ESR-V spectrometer with high frequency magnetic 
field modulation. As an ESR standard it was used Mn(II) in MgO. Gallstones were cut down and 
placed in quartz tube in 30 mg amount for ESR spectra measurements. 
        The concentration of Mn(II) ion in the solution was defined by the calibrating curve. 
Discussion of results
        Accordingly the results of ESR spectra measurements the gallstones could be divided by their 
paramagnetic composition on cholesterol, brown pigment and black pigment stones. Cholesterol 
stones don’t contain paramagnetic impurities and the ESR spectrum reveals only the presence of free 
bilirubin radical. In brown pigment stones besides this signal it is observed a complicated ESR signal 
consisted of six intensive components which we attribute to the hyperfine(HF) Mn(II) ions structure. 
As per weaker components with 2.2 mT splitting we suppose that they also belong to Mn(II) ions but 
only in other complexes and the actual spectrum is the superposition of spectra from different Mn(II) 
ion complexes. The same could be said about the ESR spectrum of black pigment stones- this 
spectrum is the superposition of Fe(III) ion spectra  with parameter g=4.19 and the ESR spectrum 
characteristic for bioorganic complexes of Cu(II) with  g=2.05,  g =2.37 and A =18.6 mTl (Fig. 4). 
At the same time the ESR spectra of complexes of the same paramagnetic ions with different 
compounds have different hyperfine splitting and g-tensor. Therefore, for analisis of these spectra, 
basically for determination which paramagnetic ions participate in the formation of complexes the 
method of annealing was used. The samples were heated till the certain temperature in the (150oC, 
250oC, 350oC, 500oC and 750oC) areas and ESR spectra were recorded after their cooling. The 
received results showed that Mn(II) participated in the formation complexes in the brown pigment 
stones and the Cu(II) and Fe(III) ions in the black pigment stones (5). At heating of the cholesterol 
stones up to 500oC the ESR spectrum is disapared. It should be noted that the ESR spectrum of 
brown pigment stones is absolutly identical with the ESR spectrum of chalk. At heating up to 7500C
the spectrum undergoes the same changes as one in pigment stones.
        Pavel and his colleagues [21] investigated the risk of gallstones formation for the sun lovers 
with different types of skin. It was shown, that people with a sensitive skin (less developed 
5pigmentary system) are exposed to a more risk of gallstones formation. The pigmentary system 
protects the skin from direct influence of light, but if bilirubin circulating in blood is influenced by 
light, the photooxidation and accumulation of the bilirubin free radicals can take place which may 
facilitate the formation of gallstones.
Conclusion
        The EPR signal of stable bilirubin radical was observed by us in all types of gallstones. Even in 
the case when gallstones are pure holesterine stones, in their centers it is observed a brown color 
point and the spectrum shows a weak EPR signal of free bilirubin radical. For this reason we 
suppose that the crystallization center of all type gallstones is the polymeric network of free bilirubin 
radical in complex with bivalent metal ions and organic compounds. But different paramagnetic 
content of gallstones itself is defined to our opinion by the different food content of patients, specific 
ecology of patients environment, different illnesses experienced by patients, etc.
6REFERENCES
1. G. Marx. Albumin and bilirubin – a conceptual analysis of binding-sites and structures. Reviews in 
Biochemical Toxicology.1984, v.6, pp.65-95.
2. E. De Lamirande and G. Plaa. Role of manganese, bilirubin and sulfobromophtalein in 
manganese-bilirubin cholestasis in rats. Proc. Soc. Exp. Biol. Med. 1978, v.158, pp.283-287.
3. J. Versieck, F. Barbier, A. Speecke, J. Hoste. Manganese, Copper, and Zinc concentrations in 
serum and packed blood cells during acute hepatitis, chronic hepatitis and posthepatitic cirrhosis. 
Clin  Chem. 1974, v.20, pp.1141-1145.
4. I. Sternlieb: Pathology of metals “The Liver: Biology and Pathology”, by I. Arias and H. Popper. 
Raven Press, New York. 1982, pp.385-392.
5. E. Chikvaidze, I. Kirikashvili, T. Gogoladze, L. Chikvaidze. Free radical products of bilirubin 
photooxidation. Bulletin of the Georgian Acad. of Sciences. 2002, v.166, pp.327-330.
6. W. Hoogerwerf, R. Soloway. Gallstones. Current Opinion in Gastroenterology.1999, v.15,
pp.442-447.
7. M. Abei, N. Tanaka. Prevention of black pigment gallstone formation after cardiac surgery by 
ursodeoxycholic acid. J Gastroenterol. 2003, v.38,  pp.1113-1115.
8. G. Basili, L. Lorenzetti, G. Celona, G. Biondi, E. Preziuso, C. Angrisano, O. Goletti, G. Venturini.
Gallstone ileus in patient with Crohn`s disease: report of a clinical observation.  Surg. Endosc. 2006, 
v.20, pp.703-704.
9. S. Shiesh, C. Chen, X. Lin, Z. Liu and H. Tsao. Melatonin prevents pigment gallstone formation 
induced by bile duct ligation in guinea pigs. Hepatology. 2000, v.32, pp. 455-460.
10. P. Malet, A. Takabayashi, B. Trotman, R. Solowey, N. Weston. Black and brown pigment 
gallstones differ in microstructure and microcomposition. Hepatology.2008, v.4, pp. 227-234.
11. X. Liu, J. Hu. Relationship between bilirubin free radical and formation of pigment gallstone. 
World J. Gastroenterology. 2002, v.8, pp.413-417.
12. A. Blazovics. Gallstone disease: free radical reactions and the ambivalent role of bilirubin in the 
phatomechanism of gallstone formation. Orvosi Hetilap. 2007, v.148, pp.589-596.
13. H. Ohkubo, J. Ostrow, S. Carr and R. Rege. Polymer networks in pigment and cholesterol 
gallstones assessed by equilibrium swelling and infrared spectroscopy. Gastroenterology. 1984,
v.87, pp.805-814.
714. S. Onishi, S. Itoh, K. Isobe.  Wavelengh-dependence of the relative rate constants for the main 
geometric and structural photoisomerization of bilirubin IX alpha bound to human serum albumin.
Demonstration of green light at 510 nm as the most effective wavelength in photochemical changes 
from (ZZ)-bilirubin IX alpha to (EZ)-cyclobilirubin IX alpha via (EZ). Biochem J. 1986, v.236(1), 
pp.23-29.
15. A. McDonagh, D. Lightner. Like a shrivelled blood orange- bilirubin, jaundice, and 
phototherapy. Pediatrics. 1985, v.75, pp.443-455. 
16. B. Rosenstein, J. Ducore, S. Cumminqs. The mechanism of bilirubin-photosensitizes DNA 
strand breakage in human cells exposed to phototherapy light. Mutat Res . 1983, v.112, pp.397-406.
17. T. Christensen, E. Roll, A. Jaworska, G. Kinn. Bilirubin and light induced cell death in murine
lymphoma cell line. Journal of Photochemistry and Photobiology B: Biology
200, v.58, pp. , pp.170-174. 
18. R. Stocker, Y. Yamamoto, A. McDonagh, A. Glazer, and B. Ames. Bilirubin is an antioxidant of 
possible physiological importance.  Science. 1987, v.235, pp.1043-1046.
19. D. Lightner, W. Linnane, C. Ahlfors C E  Bilirubin photooxidation products in the urine of 
jaundiced neonates reseiving phototherapy. Pediatric research. 1984, v.18, pp.696-700.
20. T. Christensen. Cytotoxity of bilirubin photoproducts. Photobiochem. Photobiophys. 1986, v.10,  
253-260.
21. S. Pavel, C. Thijs, V. Potocky, and P. Knipschild. Fair, and still a sun lover; risk of gallstone 
formation.  J. Epidemiol and Community Health. 1992, v.46, pp.425-427.
8Fig. 1.
Fig. 2.
9Fig. 3.
Fig. 4.
10
   
Fig. 5
Fig. 6
11
FIGURE CAPTIONS
Fig. 1. Dependence of Pk of the albumin- Mn(II) complex on ionic strength of   solution
[CAlb]=2.0 10-4 M; [CNaCl]=(0. 2- 0.02) M; [CMn(II)]=2.0 10-4 M
Fig. 2. Plots of     vs  pH complexes: 1- albumin-bilirubin; 2 albumin-Mn(II)- bilirubin
1. The complex of albumin-bilirubin           BP
Br ;
2. The complex of albumin-Mn(II)- bilirubin   
 
  BP
Br Mn(II)
 .
[Br]B -Concentration of Br bound to protein.
  Mn(II)Br Concentration of  Mn(II)Br bound to protein.
 P Total HSA concentration- 3.6 x 10-5 M.
 Br Total concentration of bilirubin -1.8 x 10-5 M. 
[Mn (II)]- Total concentration of Mn(II) - 1.8 x 10-5 M. 
Fig. 3. The spectrum   ESR of gallstones:
a) Cholesterolical stones:the singlet with g=2.003 corresponds to free a radical of bilirubin. Six HF 
components corresponds to Mn ( II) ions of standard;  
b) Brown pigment stones: HFS  consisting of 6-components with splitting ∆ H = 8.7 mT corresponds
to Mn(II) ions. The central intensive line with g=2.003 corresponds to free radical of bilirubin;
c) Black pigment stones: a wide line with g║ = 2.37, g┴ = 2.05 and HFS A║ ≈ 18.6 mT correaponds to
Cu(II) complexes with organic compounds. Numbers indicate the components HFS of standard 
Mn(II) in MgO. The central intensive line with g= 2.003 corresponds to free radical of bilirubin.
Fig. 4.  Spectrum  ESP of pure bilirubin powder : 
a) before irradiation; 
b) after irradiation with blue light. The central intensive singlet belongs to a free radical of bilirubin,    
two HP components ( 2 and 3) belong to Mn ( II) ion of standard.
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Fig. 5.  The change of intensity of ESR signal of bilirubin powder irradiated by blue light .  A/Ao the 
ratio of intensivity of ESR signal of bilirubin free radical to intensity of HFS of  the third component 
Mn ( II) ions of standard
Fig. 6. The ESR spectra of brown and black pigment stones at different temperature: 
1) brown pigment stones: a - 20ºC,  b - 500º C. 
2) brown pigment stones: a - 20ºC,  b - 350ºC,  c - 750ºC
3) brown pigment stones: a - 20ºC, b - 500ºC. 
